Background: Hypovitaminosis is widely prevalent in India with limited data on vitamin D supplementation regimens.
Introduction
Vitamin D is synthesized in adequate amounts on casual exposure of skin to sunlight to a radiation waveband 290 -315 nm in most humans [1, 2] . The UVB photons are absorbed by the epidermal 7-dehydrocholesterol e(7-DHC) (provitamin D) which is rapidly converted to cholecalciferol (previtamin D 3 ) by a temperature dependent process. This previtamin D 3 The optimal level of 25OH D to maintain skeletal health and maximal dietary absorption of calcium in the gut is accepted to be 30 ng/ml and is defined as vitamin D sufficiency [3] [4] [5] [6] . A value of <20 ng/ml is defined as vitamin D deficiency and values between 20 to 30 ng/ml is defined as vitamin D insufficiency.
Indian subcontinent is situated between latitude 37.6°N and 8.4°N with plentiful sunlight throughout the year. Despite this fact, several studies from India have documented widespread prevalence of hypovitaminosis D across the length and breadth of the country in all age groups [7] . Studies in South India have shown that rural agricultural laborers' who have their torso exposed to sunlight for more than 5-6 hours during their agricultural profession have also hypovitaminosis D of varying degree [8, 9] . Increased urbanization, avoidance of sunlight, clothing practices, and greater atmospheric pollution may aggravate this problem [10] . While severe vitamin D deficiency may present with radiological features of rickets/osteomalacia, subclinical vitamin D deficiency or insufficiency may have adverse consequences on the bone because of secondary hyperparathyroidism. Adequate supplementation with vitamin D may increase the bone mass and decrease the risk of fractures [11, 12] .
The optimal amount of vitamin D required for treatment of vitamin D has been a matter of debate until the recent publication of Endocrine Society Clinical Practice Guidelines (ESCPG) [13] . The ESCPG suggests that all adults who are vitamin D deficient be treated with 50,000 IU of vitamin D 2 or vitamin D 3 once a week for 8 week or its equivalent of 6000 IU of vitamin D 2 or vitamin D 3 daily to achieve a blood level of 25(OH) D above 30 ng/ml, followed by maintenance therapy of 1500-2000 IU/day. The upper tolerable limit of 10,000 IU/day for children and adults 19 yr and older may be needed to correct vitamin D deficiency. In India one study used 60,000 IU of Cholecalciferol once a month (2000 IU/day) and later 120,000 IU per month (4000 IU/day) for three months without calcium supplementation [14] . This study concluded that monthly administration of 60,000 IU of cholecalciferol in healthy subjects with hypovitaminosis D may be sufficient in summer months but higher doses are required in winter months to maintain 25(OH) D levels in normal range. Another study has used 60,000 IU/week along with oral calcium supplementation 1 gram per day which also contains Cholecalciferol 500 IU/day (totaling to a dose of Cholecalciferol of 8642 IU/day) for a period of eight weeks [15] . Though this study has shown a loading dose of vitamin D raises the 25OH D levels to normal range the effect is not sustained over a period of one year [15] . The recent clinical practice guidelines by the endocrine society [13] give us the guidance to treat "Vitamin D deficiency" and the amount of supplementation dose required to maintain adequate vitamin D levels. We report our experience in a group of subjects with vitamin D deficiency treated based on recent endocrine society guidelines.
Materials and Methods
Fifty two consecutive subjects were recruited for the study. Most of them were asymptomatic volunteers; attenders of patients who accompanied them for other illnesses. None of them had clinical signs or symptoms of overt metabolic bone disease such as bone pains, myopathy or fractures.
Exclusion criteria included history of renal, liver, dermatological diseases, known cases of hypocalcemia or hyperparathyroidism, pregnant and lactating women, history of drug ingestion (steroids, antiepileptic drugs and rifampicin) and those with vitamin D intoxication and granulomatous diseases.
Study design and conduct
The study was conducted from July to November in 2011. All patients were given cholecalciferol supplementation administered orally 60,000 IU (1500 µg) (Calcirol, Cadila Pharmaceuticals) per week [equivalent to Cholecalciferol 8,572 IU/day; (214 µg/day)] along with supplementation of calcium tablets twice a day [each tablet contains 1,250 mg of calcium carbonate equivalent to elemental calcium of 500 mg along with Cholecalciferol 500 IU (12.5 µg)] ("Shelcal -HD" Elder pharmaceuticals) for eight weeks. In total, these patients received Cholecalciferol of 9572 IU/day (239 µg/day) [8572 from the sachets (calculated from the weekly dosage of Cholecalciferol) and 1000 IU/ day via the calcium tablets along with 1 gm of elemental calcium] as "supplementation therapy" (Figure 1 ). The tolerable upper intake level (UL) of Cholecalciferol given by Endocrine Society Clinical Practice Guidelines of is 10,000 IU/ day for adults who are vitamin D deficient for a period of eight weeks [13] .
Follow-up, compliance and subjects analyzed
After two months of therapy, they were evaluated again for their vitamin D status and other biochemical parameters. Those who had achieved "vitamin D sufficiency (25 OH vitamin D levels >30 ng/ml)" were treated with cholecalciferol supplementation administered orally 60,000 IU once a month (equivalent to 2,000 IU/day -as suggested by the guidelines as maintenance dose to maintain the 25 OH vitamin D levels above 30 ng/ml) along with supplementation of calcium tablets twice a day. Hence in total, these patients received Cholecalciferol of 3,000 IU/day [2,000 IU from the sachets and 1,000 IU via calcium tablet supplementation along with 1 gm of elemental calcium per day).
In subjects whose 25 OHD levels did not reach a vitamin D sufficiency range they were supplemented again with Cholecalciferol. They were given Cholecalciferol supplementation administered orally 60,000 IU per fortnight (equivalent to Cholecalciferol 4,286 IU/day) along with supplementation of calcium tablets twice a day. Hence in total these patients received Cholecalciferol of 5,286 IU/day (132.5 µg/ day) [4,286 IU from the sachets (calculated from the weekly dosage of Cholecalciferol given once in a fortnight) and 1000 IU/ day via the calcium tablets] along with 1 gm of elemental calcium. After three months of therapy they were reassessed for their vitamin D status and other biochemical parameters. The second dose of supplementation was half the initial dose so that the patients may not go in to hypercalcemia with prolonged therapy (Figure 1 ).
All subjects were stressed the need of regularity and compliance of supplementation in study period to achieve normal 25(OH) D levels.
Biochemical estimations
After an overnight fast venous blood samples were collected in the fasting state without applying a tourniquet for estimation of baseline biochemical and hormonal parameters. Quantitative estimation of serum creatinine, albumin, calcium, phosphorous and alkaline phoshatase were determined by an automated analyser (Roche cobas c 501), using kits supplied by of Roche cobas. Serum albumin was estimated by BCG green (normal range 3.5 to 5.2 g/dl) (detectable limit: 0.2-6g/dl); serum creatinine by Jaffe, generation 2 (normal 0.5 -1.2 mg/dl),(detectable limit: 0.17 -24.9 mg/dl); serum calcium by O-cresolphthalein complexone,(normal range 8. 
Statistical analysis
Statistical analysis was performed with a statistical software SPSS (Version 11.5). Results are expressed as mean ± standard error of mean (SEM). Group means at different intervals of time of supplementation were compared using parametric (paired students t test) tests. ANOVA followed by Bonferroni correction test was used to compare various indices at three different intervals. With respect to 25 OHD and intact PTH variables because of the wide dispersion median and interquartile range (IQR) is calculated. For these two parameters to compare the changes in therapy with different intervals of time nonparametric test (Wilcoxon-signed ranks sign test) was used. P value of <0.05 was considered significant.
Results
The mean age of the study group was 48 ± 15 years (17 men and 35 women). The baseline biochemical and hormonal parameters are shown in Table 1 .
All 52 subjects recruited for the study, returned for follow up at the end of two months of vitamin D supplementation therapy. The results at the end of 2 nd and 5 th month of supplementation were as follows ( Figure  2 ): 1)Twenty three percent (23%) of subjects (n=12) had 25 OH D levels in vitamin D sufficiency range. These subjects were given maintenance therapy as outlined. At the end of three months of maintenance therapy, they did not return for follow up. All of them were individually contacted over telephone and requested for review. These subjects claimed their well being was good and were not inclined to reevaluate again. 2) Twenty three percent (23%) of subjects (n=12) had 25 OHD levels in the vitamin D in insufficiency range. They were given second course of supplementation as outlined above to be reviewed after 3 months (Figure 2 ). Fifty percent of the subjects (n=6) returned for 2 nd review at end of 5 th month (i.e. after 3 months of 2 nd supplementation). All of them had their 25 OHD levels in vitamin D sufficiency range. Remaining six of them was lost in follow up. 3) Fifty four percent of the subjects (n=28) had 25 OHD levels in vitamin D deficiency range (25 OHD levels < 20 ng/ml). This group of patients were given 2 nd course of supplementation for three months and reviewed. At the end of three months, 22% (n=6) of subjects achieved vitamin D sufficiency; 29% (n=8) of subjects were still vitamin D insufficient; 22% (n=6) of subjects were vitamin D deficient and 8 subjects were lost on follow up ( Figure 2 and Table 2 ).
All subjects had normal serum albumin, creatinine, calcium, phosphorous and alkaline phosphatase at baseline before initiation of supplementation. The median and IQR (in brackets) of 25 OH D and ntact PTH levels were 6 (4-11) ng/ml and 46 (33 -62) pg/ml respectively at baseline. At the end of two months of supplementation, the 25OH D levels reached 19. 6 
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Figure 4:
Parameter fell to 28.7 (22.5-36) pg/ml which was statistically significant (P <0.001). The 25 OH D and ntact PTH correlated negatively (r = -0.28; P < 0.05). The 25 OH D levels were elevated three times compared to baseline in the 2 nd month and by 50% at 5 th month of supplementation (compare to 2 nd month) which was statistically significant (P<0.001). The ntact PTH levels were suppressed by 38% from the baseline at the 2 nd month which was statistically significant P<0.001). With follow up, there was no significant suppression of PTH levels in the 5 th month of supplementation ( Figure 3 ).
There was no statistically significant difference in other biochemical parameters such as serum albumin, creatinine, calcium, phosphorous and alkaline phosphatase between baselines, 2 nd and 5 th months of supplementation.
Discussion
Following the increased awareness of widespread vitamin D deficiency in India [7] there has been much debate regarding corrective measures and adequate intake of vitamin D to correct vitamin D deficiency state. In India, apart from vitamin D deficiency, dietary calcium deficiency co-exists. Adequate levels of 25 OH D are required for maximal absorption of calcium from gut [3, 4] . The present study is based on current Endocrine Society Clinical Practice Guideline [13] . Previous studies from India have used either 3000 or 4000 IU/day of Cholecalciferol without calcium supplementation [14, 16] or 8642 IU/day of Cholecalciferol supplementation along with 1 gm of elemental calcium [15] . There is no mention of those who did not respond to therapy and their further follow up. This study addresses these issues. The present study has emphasized on "supplementation therapy" for achieving vitamin D sufficiency and later "maintenance therapy" to be followed as a preventive strategy for up keeping bone health based on guideline recommendations [14] . The present study also addresses the non responders follow up.
In the present study, only 23% of subjects attained vitamin D sufficiency at the end of 2 months of supplementation with threefold rise in serum 25OH D levels. We had used 9572 IU/day of Cholecalciferol which is the near upper tolerable intake level (UL) as per the guidelines [13] . In our study, 23% of subjects attained vitamin D sufficiency as compared to 54% of subjects who attained normalcy in other study from India [15] which has used similar dosage schedule. The probable reason could be that the present study was conducted beginning in July and the supplementation schedule followed through winter till December. The other study in India [15] , the patients were recruited in March and followed through summer till May/June.
Increased sunlight exposure could be the possible explanation for these differences. This explanation is substantiated by another study from India in the same location [14] which showed 2000 IU/day (50 µ/day) of Cholecalciferol provided different incremental response in serum 25 OH D levels of a group of patients supplemented in summer and winter. The incremental response of 25 OH D was higher in summer compared to winter [14] .
There is no documented study from this country on the follow up of subjects who did not respond to initial 2 months of "supplementation therapy" (on supplementing with Cholecalciferol along with calcium). In the present study, only 23% of subjects attained vitamin D sufficiency at the end of 2 months of supplementation. Of the remaining 77% who did not achieve vitamin D sufficiency; 23% were in the vitamin D insufficiency range and 54 % in vitamin D deficiency range at the end of 2 months of supplementation. We used half the UL of Cholecalciferol recommended by the guidelines keeping in view the patient shouldn't go into hypercalcemia during 3 months of second supplementation (Figure 2 ).
At the end of five months of supplementation, 46% of the recruited subjects (n=52) had achieved vitamin D sufficiency and 27 % were still in vitamin D insufficiency range. None of them presented with hypercalcemia despite the dose of Cholecalciferol in the UL of the recommendation along with elemental calcium supplementation of 1 gm per day. About 27% of subjects were still vitamin D deficient at the end of 5 th month of vitamin D supplementation. We postulate that these subjects should be evaluated for malabsorption of the gut. Other studies from India have also shown that only 56% to 47% of their study group had attained vitamin D sufficient range [14, 15] . Other group has used 25 OH D levels of 20 ng/ml as their normal range and hence could not be compared [16] . The ntact PTH levels dropped by 38% from the baseline and were stable at the 5 th month of therapy ( Figure 3 ).
The potential implications of vitamin D deficiency in Indians are wide ranging. Apart from the low bone mass, it might involve association with type 2 diabetes mellitus and pulmonary tuberculosis. From the results of the present study, following conclusions can be drawn. 1) calcium supplementation should form an integral part of therapy for treatment of hypovitaminosis D, 2) Vitamin D used in upper ceiling does of 10,000 IU/day as recommended by the Endocrine society clinical practice guidelines does not produce hypercalcemia (despite elemental calcium supplementation of 1g/day) as observed in this study and other studies [17, 18] vitamin D insufficiency at baseline may reach vitamin D sufficiency after 2 months of supplementation, and 5) Patient with severe vitamin D deficiency at baseline (25 OH D <4ng/ml, which is also the lowest detectable limit of the assay -hence we may not be aware of the actual deficiency) may require a 2 nd supplementation therapy (the dose and duration needs to be ascertained by further studies) (Figure 4 ). There are limitations in the study with respect to number of subjects studied and duration of the study. In a country like of India financial constraints are to screen, evaluate and follow up (mainly cost of investigation and medicines). More studies with larger number from different parts of India might help arrive at consensus especially with respect to duration of therapy and the need for second supplementation for non responders. Still this short duration study of five to six months gives us an idea of supplementations and problems one is likely to face in supplementation of vitamin D in a country like India.
